The maize pathogen Gibberella moniliformis produces fumonisins, a group of mycotoxins associated with several disorders in animals and humans, including cancer. The current focus of our research is to understand the regulatory mechanisms involved in fumonisin biosynthesis. In this study, we employed a proteomics approach to identify novel genes involved in the fumonisin biosynthesis under nitrogen stress. The combination of genome sequence, mutant strains, EST database, microarrays, and proteomics offers an opportunity to advance our understanding of this process. We investigated the response of the G. moniliformis proteome in limited nitrogen (N0, fumonisininducing) and excess nitrogen (N+, fumonisin-repressing) conditions by one-and two-dimensional electrophoresis. We selected 11 differentially expressed proteins, six from limited nitrogen conditions and five from excess nitrogen conditions, and determined the sequences by peptide mass fingerprinting and MS/MS spectrophotometry. Subsequently, we identified the EST sequences corresponding to the proteins and studied their expression profiles in different culture conditions. Through the comparative analysis of gene and protein expression data, we identified three candidate genes for functional analysis and our results provided valuable clues regarding the regulatory mechanisms of fumonisin biosynthesis.
The maize pathogen Gibberella moniliformis produces fumonisins, a group of mycotoxins associated with several disorders in animals and humans, including cancer. The current focus of our research is to understand the regulatory mechanisms involved in fumonisin biosynthesis. In this study, we employed a proteomics approach to identify novel genes involved in the fumonisin biosynthesis under nitrogen stress. The combination of genome sequence, mutant strains, EST database, microarrays, and proteomics offers an opportunity to advance our understanding of this process. We investigated the response of the G. moniliformis proteome in limited nitrogen (N0, fumonisininducing) and excess nitrogen (N+, fumonisin-repressing) conditions by one-and two-dimensional electrophoresis. We selected 11 differentially expressed proteins, six from limited nitrogen conditions and five from excess nitrogen conditions, and determined the sequences by peptide mass fingerprinting and MS/MS spectrophotometry. Subsequently, we identified the EST sequences corresponding to the proteins and studied their expression profiles in different culture conditions. Through the comparative analysis of gene and protein expression data, we identified three candidate genes for functional analysis and our results provided valuable clues regarding the regulatory mechanisms of fumonisin biosynthesis.
Keywords: Fusarium verticillioides, nitrogen metabolite repression, fumonisin regulation, proteomics, gene expression Gibberella moniliformis Wineland (anamorph Fusarium verticillioides [Sacc.] Nirenberg), a plant pathogenic fungus known to cause a variety of maize diseases, has gained renewed attention owing to the fact that it can produce fumonisins, a group of polyketide-derived mycotoxins, on maize and maize-based products [reviewed in references 17, 18] . Fumonisin-contaminated food and feeds have been linked to a variety of human and animal illnesses, including leukoencephalomalacia in horses and neural tube defects in humans [9, 13, 16] . Studies have shown that these toxic affects are due to the fact that fumonisins can inhibit ceramide synthase and ultimately disrupt sphingolipid metabolism in these animal systems [15, 26] . Significantly, possible association of fumonisin-contaminated food with human illnesses, such as esophageal cancer and neural tube defects, has raised food safety and public health concerns [16, 28] . Owing to these concerns, guidelines for fumonisin levels in food and feeds have been implemented by the US Food and Drug Administration in 2001 [9] .
Currently, one of the key areas in fumonisin research is determining the molecular mechanism associated with toxin biosynthesis in G. moniliformis. Proctor et al. [21] isolated and characterized FUM1, a gene encoding a polyketide synthase in G. moniliformis. FUM1 was the first gene identified in what is now determined as the fumonisin biosynthetic (FUM) gene cluster, which contains at least 15 the co-regulated genes [22] . Our current understanding is that majority of these genes play a role in fumonisin biosynthesis [2, 22] . However, it is interesting to note that the regulatory mechanisms involved in fumonisin biosynthesis are complex. A number of genes affecting fumonisin biosynthesis, none of which are present in the FUM gene cluster, have been isolated and characterized [5, 7, 8, 23, 25] . In addition to these genes, physiological and nutritional conditions, notably acidic pH and nitrogen stress, that favor, or perhaps trigger, fumonisin biosynthesis have been documented [7, 24] .
Researchers are currently seeking a better understanding of the complex regulatory mechanism by implementing genomics strategies. Pirttilä et al. [20] constructed microarrays with G. moniliformis expressed sequenced tags (ESTs) and isolated genes that are expressed concomitantly with fumonisin production. The study identified 19 genes displaying expression profile similar to the FUM genes. Furthermore, Brown et al. [2] reported generating over 87,000 ESTs from G. moniliformis. Analysis of this extensive collection of ESTs, which is estimated to represent over 80% of the expressed genes in the fungus, revealed eight tentative consensus (TC) sequences that are likely to regulate fumonisin biosynthesis. Further functional characterization of these putative regulatory genes will provide additional insight into fumonisin regulation in G. moniliformis. However, although transcriptional profiling is a commonly accepted strategy for identifying genes associated with certain biological processes, it is important to recognize its limitations. The mRNA levels of a certain gene represent short-term changes in the expression and may influence down-stream gene regulation and ultimately cellular function. On the other hand, mRNA abundance may not be indicative of a gene's regulatory or metabolic potential. In some instances, pathway regulations occur at the posttranscriptional level, and therefore activity of the final gene product, the protein, may provide better evaluation of a gene's functional role.
We incubated wild-type G. moniliformis in limited nitrogen and excess nitrogen culture conditions for total proteome comparison. Nitrogen limitation is one of the key factors affecting fumonisin production [12, 24] . In particular, Shim and Woloshuk [24] showed that addition of exogenous nitrogen to G. moniliformis cultures effectively stalled fumonisin production. Whereas AREA, a global nitrogen regulator gene, is known to be involved in this nitrogen metabolite repression [25] , additional genes that directly regulate fumonisin biosynthesis are largely unknown and understudied. The objective of this study was to identify proteins that are significantly up-regulated in the fumonisininducing and fumonisin-repressing conditions. Subsequently, we compared the proteomics data with the gene expression profiles of corresponding ESTs in G. moniliformis. Two-Dimensional Polyacrylamide Gel Electrophoresis (2D-PAGE) All the reagents used for 2D-PAGE were analytical grade and purchased from GE Healthcare Amersham Biosciences (Little Chalfont, UK) unless described otherwise. Sequencing-grade trypsin and α-cyano-4-hydroxycinnamic acid were purchased from Promega (Madison, WI, USA) and Sigma (St. Louis, MO, USA), respectively. Trifluoroacetic acid (TFA) and acetonitrile were purchased from Merck (Piscataway, NJ, USA). The protein sample supernatants were mixed with an equal volume of 20% trichloroacetic acid (TCA), incubated for 30 min on ice, and centrifuged at 35,000 ×g at 4 o C for 15 min. The supernatants were carefully removed, and the pellets were mixed with cold acetone (300 ml) and centrifuged for 5 min at 4 o C. The pellet was dried and then resuspended in lysis buffer (7 M urea, 2 M thiourea, 40 mM DTT, 4% CHAPS). Protein concentration was determined by the Bradford method (Bio-Rad, Hercules, CA, USA). 2D-PAGE was performed by vertical electrophoresis, IPGPhor was used for the first-dimensional isoelectric focusing with immobiline DryStrip (24 cm, pH 4-7), and the Ettan DALT system was used for the second-dimensional SDS-PAGE (11% gel). The protein samples (350 mg) were loaded to the IPG strips (immobilized pH 4-7 linear gradient) by cup loading with the use of IPGphor (24 cm). Isoelectric focusing was carried out successively at 300 V for 3 h, and 3,500-100,000 V for an h. After isoelectric focusing, strips were incubated with equilibration buffer 1 [50 mM Tris-HCl (pH 8.8), 6 M urea, 30% glycerol, 2% SDS, BPB, 2% DTT] and buffer 2 [50 mM Tris-Hcl (pH 8.8), 6 M urea, 30% glycerol, 2% SDS, BPB, 2% DTT, 2.5% iodoacetamide] for 15 min each. The equilibrated strip was placed on a polyacrylamide gradient slab gel (10 to 15% gradient). Separation was continued at 20 mA/ gel in running buffer [25 mM Tris (pH 8.8), 198 mM glycine, and 0.1% SDS] until the BPB reached the bottom of the gel. After electrophoresis, the gel was treated with fixing solution (40% methanol, 10% acetic acid) for 1 h. After fixing, the gel was treated with rehydration solution (30% ethanol) for 30 min, twice. Subsequently, the gel was treated with sensitizing solution (0.02% sodium thiosulfate) for 1 min, and was washed with deionized water. The gel was then treated with AgNO 3 solution (0.2% AgNO 3 , 0.02% HCOH) for 30 min, washed with deionized water, and incubated with developing solution (3% sodium carbonate, 0.05% HCOH) for 3-5 min. Finally, stop solution (0.5% glycine) was added.
MATERIALS AND METHODS

Fungi and Culture Media
Image Analysis
The silver-stained gel was scanned with a densitometer 800 (BioRad). Two protein spots that showed similar expression level in the two gels were identified as control proteins (Fig. 1) . The digitalized image was analyzed using PDQUEST software (v. 6.1, Bio-Rad).
Mass Spectrophotometry
Proteins were identified by peptide mass fingerprinting methods [11] and ESI-MS/MS. Selected protein spots were cut from gels with a spot cutter (Bio-Rad), and the excised gel spots were destained with 100 µl of destain solution [30 mM potassium ferricyanide (Sigma), in 100 mM sodium thiosulfate (Merck)] with shaking for 5 min. After the destaining, the gel spots were incubated with 200 mM ammonium bicarbonate (Sigma) for 20 min. The gel pieces were dried in a speed vacuum concentrator for 5 min and then rehydrated with 20 µl of 50 mM ammonium bicarbonate containing 0.2 µg modified trypsin (Promega) for 45 min on ice. After removal of solution, 30 µl of 50 mM ammonium bicarbonate was added and the digestion was performed overnight at 37 o C. The peptides were desalted and concentrated using a C18 nanoscale (porus C18) column (In2Gen, Seoul, Korea).
For analysis by MALDI-TOF MS (peptide mass fingerprinting method), the peptides were eluted with 0.8 µl of matrix solution [70% acetonitrile (Merck), 0.1% TFA (Merck), 10 mg/ml alpha-cyano-4-hydroxycinnamic acid (Sigma)] and spotted onto a stainless-steel target plate. Masses of peptides were determined using MALDI-TOF MS (Model MALDI-R; Micromass, Manchester, UK). Calibration was performed using the internal mass of the trypsin autodigestion product (m/z 2211.105).
For analyses by MS/MS, 15 µl of the peptide solutions from the digestion supernatant were diluted with 30 µl in 5% formic acid, loaded onto the column, and washed with 30 µl of 5% formic acid. Peptides were eluted with 2 µl methanol/H 2 O/formic acid [50/49/1 (v/v/v)] directly into precoated borosilicate nanoelectrospray needles (EconoTip, New Objective, USA). MS/MS of peptides generated by in-gel digestion was performed by nano-ESI on a Q-TOF2 mass spectrometer (Micromass, Manchester, UK). The source temperature was 80 o C. A potential of 1 kV was applied to the precoated borosilicate nanoelectrospray needles in the ion source combined with a nitrogen back-pressure of 0-5 psi to produce a stable flow rate (10-30 nL/min). The mass spectrometer operated in an automatic data-dependent MS/MS to collect ion signals from the eluted peptides. In this mode, the most abundant peptide ion peak with a double-or triple-charged ion in a full-scan mass spectrum (m/z 400-1,500) was selected as the precursor ion. Finally, an MS/ MS spectrum was recorded to confirm the sequence of the precursor ion using collision-induced dissociation (CID) with a relative collision energy dependant on molecular weight. The cone voltage was 40 V. The quadrupole analyzer was used to select precursor ions for fragmentation in the hexapole collision cell. The collision gas was Ar at a pressure of 6~7 × 10 -5 mbar and the collision energy was 20-30 V. Product ions were analyzed using an orthogonal TOF analyzer, fitted with a reflector, a microchannel plate detector, and a time-to-digital converter. The data were processed using a Mass Lynx Windows PC system.
To identify the protein, protein masses from MALDI-TOF MS were matched with the theoretical molecular weight of peptides for proteins in the NCBI nr database using MASCOT software. All MS/MS spectra recorded on tryptic peptides derived from spot were searched against protein sequences from NCBI nr and EST databases using the MASCOT search program (http://www.matrixscience.com).
Expression Profiles Analysis of Genes Corresponding to the Expressed Proteins
Quantitative Real-Time PCR (QRT-PCR) was performed as described previously [20] to test for FUM and TUB2 expression levels in two culture conditions. When the protein sequenced matched multiple TCs in the FvGI, the TC with highest similarity was selected for transcriptional profiling. Oligonucleotide microarrays designed from the F. verticillioides EST library [1] were created by NimbleGen Systems, Inc. (Madison, WI, USA). The NimbleGen arrays contain 12 24-nucleotide probes for each unique EST from the library. Samples of mRNA used for analysis were shipped on dry ice to NimbleGen for labeling, hybridization, and relative quantification across individual chips. Raw intensity values were normalized on each chip using NimbleScan Bioanalyzer software, utilizing Robust Multichip Analysis [10] . Normalized data were analyzed using Acuity 4.0 from Molecular Devices Corporation (Sunnyvale, CA, USA). Sample mRNA was generated from four culture conditions of wild-type 7600 in duplicate: (i) defined liquid medium (GYAM; [22] ) for 48 h and (ii) 120 h, (iii) dissected maize germ tissue, and (iv) dissected maize endosperm tissue. Maize tissue was autoclaved prior to inoculation. To compare expression of ESTs from different chips, expression levels are reported relative to expression of elongation factor-1-a, TC29728 [1] . Statistical analysis (Student's ttest) and standard error bars were generated using Microsoft Excel (Redmond, WA, USA) based on the average of two biological repetitions for each sample. EF-1-a is constitutively expressed under all conditions we have investigated with the NimbleGen microarrays. The data discussed in this publication have been deposited in NCBI's Gene Expression Omnibus [6] and are accessible through GEO Series Accession No. GSE8535 (http://www.ncbi.nlm.nih.gov/ geo/query/acc.cgi?acc=GSE8535) and GSE34168 (http://www.ncbi. nlm.nih.gov/geo/query/acc.cgi?acc=GSE34168).
RESULTS
Computational 2D-Gel Comparison G. moniliformis mycelia from 10-day-old cultures grown in two different conditions, limited nitrogen (N0) and excess nitrogen (N+), were harvested for proteomic comparison. QRT-PCR analysis confirmed that FUM1 is only expressed in N0 cultures concomitant with fumonisin production (data not shown). The quality of the total protein samples was tested by 1D SDS-PAGE prior to 2DE experiments (data not shown). A quantitative comparison of the proteomes from G. moniliformis N0 condition and N+ condition was performed using replicates from two independent cultures. The results from 2D gels suggested that there was a difference in protein quantity in the two gels; approximately 800 protein spots and 600 protein spots were resolved in N0 gel and N+ gel, respectively (Fig. 1) . Subsequent computational gel analysis also revealed differences in protein expressions.
Identification of Differentially Expressed Proteins
We analyzed the differential expression of proteins between N0 and N+ gels, and targeted proteins that show greater than 5-fold increase in expression. Among the identified protein spots, we selected six proteins in the N0 gel (Fig. 2) and five proteins in the N+ gel (Fig. 3) . Of the initial 11 protein spots that were excised from the gels, 10 provided adequate mass spectra via MALDI-TOF MS and/or MS/ MS. Matching proteins for N01, N03, N04, N05, and N+1 were identified via mass fingerprinting. Peptide masses were matched with the theoretical peptide masses of all proteins in the NCBI database for putative sequence identification (Fig. 4) . For N02, N06, N+2, N+3, N+4, and N+5, a short peptide sequence was obtained via MS/MS and similar proteins were searched by BLAST algorithm in the NCBI nr database.
Six proteins spots were excised but only five proteins sequences were successfully obtained from N0 state. Among these five protein sequences, four sequences matched to proteins in the database ( Table 1 ). The protein BLAST results showed these four proteins, N02, N03, N05, and N06, share significant similarity (E value < 1e-10) to the respective homologs in the database. Protein N04 did not have a significant match. Among the proteins identified, N02, N03, and N05 seem to be associated with primary biological functions and further functional studies may be necessary to test whether these proteins are associated with fumonisin regulation. On the other hand, N06, which is homologous to a p-nitroreductase family protein in Aspergillus fumigatus (EAL91611), could be a candidate for further characterization. EAL91611 is a hypothetical protein that is suggested to be involved in negative regulation of fatty acid metabolism; the Saccharomyces cerevisiae ortholog FRM2 has been identified as a gene involved in the lipid signaling pathway [14] . Exogenous fatty acids are known to transcriptionally control the Lines indicate spot locations, and the frames show the difference in protein spot intensity between N0 (right) and excess nitrogen condition (N+) 2D gels (left). The silver-stained gel was scanned and the digitalized images were compared using PDQUEST software. Proteins that show greater than 5-fold increase were selected. Lines indicate spot locations, and frames show the difference in spot intensity between limited nitrogen condition (N0) (right) and N+ (left) 2D gels. The silver-stained gel was scanned and the digitalized images were compared using PDQUEST software. Proteins that show greater than 5-fold increase were selected. expression of a wide variety of eukaryotic genes, including mycotoxin biosynthesis and sporulation in fungi [3, 4] .
Of the five proteins spots excised from the N+ gel, all five sequences were obtained. However, only two proteins showed a significant match (E value < 1e-10) to proteins in the GenBank nr database (Table 1) . N+2 matched potential serine carboxypeptidase (Candida albicans) EAK99660, and N+3 matched pepsinogen (Aspergillus oryzae) BAC00850. EAK99660 is highly similar to S. cerevisiae PRC1, which is involved in vacuolar protein catabolism. Interestingly, PRC1 is particularly required for full protein degradation during yeast sporulation, but the functional role in filamentous fungi is not known.
Comparison of Protein Expression and Gene Expression Data
We selected proteins identified in the N0 condition and screened for ESTs in the F. verticillioides Gene Index (FvGI) at the Dana Farber Cancer Institute (http:// compbio.dfci.harvard.edu/tgi/fungi.html) that correspond to these proteins (Table 1) . A single corresponding TC (Tentative Consensus) was identified for proteins N02 and N06. Proteins N03 and N05 matched three TC sequences. N04 could not be screened for matching TC sequences since only the peptide mass fingerprint was generated from the protein spot. In the N+ gel, protein N+2 matched TC31545, TC26197, and FVICF93TH. Protein N+3 matched TC26467. Although it did not match any protein in the NCBI nr database, a short peptide sequence of protein N+4 obtained via MS/MS was used to screen FvGI. N+4 hit five ESTs: TC31676, FVNC595TV, TC28163, TC29493, and FVIAQ47THB. N+1 and N+5 did not identify corresponding ESTs. The corresponding genes can be found at the Fusarium Comparative Database (http://www. broadinstitute.org/annotation/genome/fusarium_verticillioides/ MultiHome.html). The expression profiles of the identified ESTs were investigated to analyze the correlation between protein expression and gene expression in the N0 and N+ conditions (Fig. 5) . Published reports indicate that 48-h liquid and 4-day maize germ cultures are not favorable for fumonisin production, whereas the 120-h liquid and 4-day maize endosperm cultures are favorable for toxin production [8, 24] . When we analyzed the expression profiles of ESTs corresponding to N0 proteins, all four ESTs showed elevated expression levels in liquid culture condition, 48 h and 120 h. Similarly, in the maize kernel cultures, all four ESTs were expressed in these conditions. Interestingly, N03 showed high expression in maize tissue cultures. TC29816 was differentially expressed (p<0.01) over time in the liquid cultures but not in the two maize tissues, whereas TC27779 was differentially expressed (p<0.05) in the two maize tissues but not over time in the liquid cultures. As for the ESTs corresponding to N+ proteins, similar expression patterns were observed in liquid cultures: consistent expression regardless of the incubation length. Significantly, EST corresponding to N+3 showed elevated expression (p<0.01) in maize germ tissue cultures. Based on comparative analysis of gene expression and protein expression, N06 and N+3 will be targeted for further gene characterization.
DISCUSSION
Fumonisin biosynthesis in G. moniliformis is regulated by a mechanism involving nitrogen metabolite repression [25] . Although other physiological conditions, such as acidic pH and host (maize kernel) microenvironment, play critical roles, nitrogen limitation is one of the key conditions prerequisite for fumonisin production [7, 8, 12, 24] . To understand and provide a possible mechanism for nitrogen metabolite repression of fumonisin regulation in G. moniliformis, we evaluated and isolated proteins expressed (or suppressed) during fumonisin biosynthesis in defined liquid medium. We employed a proteomic approach to study the change in protein expression in G. moniliformis during fumonisin biosynthesis. The Fusarium verticillioides Gene Index and G. zeae genome sequence were primarily used when screening for matching proteins, and the screening results can be updated when an annotated genome sequence for G. moniliformis becomes available.
The difference in expressed protein profiles in G. moniliformis grown in limited nitrogen (N0) condition and excess nitrogen (N+) conditions were substantial (Fig. 1) . Whereas N+ 2D gel showed approximately 25% less protein spots than N0 gel, differentially expressed proteins were clearly visible as well as those expressed in equal levels. In this study, we selected 11 proteins that were highly upregulated (>5-fold) for further characterization. Sequences were obtained for five proteins in the N0 gel and five proteins in the N+ gel via MALDI-TOF and/or MS/MS. However, description of these proteins in the NCBI database only provides limited ideas on whether these proteins are directly involved in fumonisin regulation. Based on the database search, a protein that may play a role in fumonisin regulation, based on putative gene function, is N06. N06 is a protein similar to a p-nitroreductase family protein in A. fumigatus. Whereas the functional role of this protein in A. fumigatus is unknown, S. cerevisiae ortholog FRM2 is described as a protein involved in the integration of lipid signaling pathways with cellular homeostasis [14] . The FRM2 is known to physically interact with five proteins: Are1, Ski8, Ylr177w, Srp1, and Sua7. Significantly, Are1 is an acyl-CoA sterol acyltransferase that contributes the major sterol esterification activity in the absence of oxygen, whereas Sua7 is a transcription factor TFIIB that binds to over 90 proteins involved in translation and metabolism regulation. The proposed functional role for Frm1-like protein in G. moniliformis is significant considering the data showing close correlation between lipid metabolism and mycotoxin synthesis in fungi. In A. nidulans, fatty acid derivatives are associated with sporogenesis and mycotoxin production [3, 4] . These lipid derivatives, based on the regiospecificity, may induce or inhibit mycotoxin production [3] . In addition, studies have shown that certain lipoxygenase derivatives, 9-fatty acid hydroperoxides, are induced upon infection with G. moniliformis, which in turn leads to production of fumonisins, suggesting that fumonisin biosynthesis may be regulated by the lipid derivative products [27] .
Subsequently, we isolated corresponding ESTs from the FvGI and studied the correlation between protein and gene expression in fumonisin-producing and fumonisin-nonproducing conditions. The data suggest that TCs that correspond to the identified proteins show consistent expression levels in 48-h and 120-h liquid cultures as well as from maize tissue cultures We postulated that TCs corresponding to proteins found in N0 gel show expression patterns similar to that of FUM1, whereas TCs corresponding to proteins found in N+ gel would show expression patterns opposite to that of FUM1. However, ESTs corresponding to proteins identified from the N+ conditions were expressed similarly in both liquid cultures and on maize tissue. The TC26457 expression level, on the other hand, was opposite of FUM1 expression. It is possible that TC26457 encodes a repressor of fumonisin biosynthesis in G. moniliformis.
In summary, the data presented in this study provide a snapshot of the differences that we can observe when screening for genes associated with fumonisin biosynthesis using two approaches: transcriptome profiling versus proteome profiling. It has been well known that correlation between mRNA transcription and protein translation is poor, and we could observe a similar trend as the two profiles may not agree consistently. The significance of this study was to find only moderate correlation between the protein and gene expression levels. The proteins that were selected for sequencing, particularly in the N0 2D gel, were clearly up-regulated at the protein level. However, the corresponding genes did not show a higher transcription level in the fumonisin-inducing liquid culture condition (Fig. 5) . If gene expression profile or microarray analysis were the only criteria for selecting candidate genes associated with fumonisin production, these genes would not have been identified. The two approaches can complement each other to maximize the efficiency of the gene screening approach. By examining the proteomic data, in combination with transcriptional profiling data, we identified three candidate genes that may be associated with fumonisin regulation under nitrogen stress. Targeted gene disruption and mutant phenotype study will ultimately help us determine the role of these proteins in G. moniliformis. Expression of FUM1 and selected TC sequences are presented after growth on defined liquid medium at 48 h (48 h DL) and 120 h (120 h DL) and on maize germ tissue (MG) and maize endosperm tissue (ME) after a period of 4 days growth. Relative gene expression between experiments is shown as expression relative to Elongation Factor-1-α.
